Leptin in relation to body fat and hormonal regulation of body fat distribution will be treated. Leptin circulating levels are strongly related to the percentage of body fat and in women leptin values are always twofold those observed in men. A role of androgens has been suggested to explain this gender difference. Insulin resistance may contribute to the wide variation in leptin levels. Leptin levels and insulin resistance are increased at the end of pregnancy and normalize after delivery. Furthermore, insulin resistance is associated with elevated plasma leptin levels independent of body fat mass and leptin levels are signi®cantly related to insulin sensitivity independent of BMI. Energy restriction can strongly in¯uence leptin levels, overcoming the effects of body composition changes. The shift from a state of triglycerides storage to a state of release could down-regulate leptin production. Triglyceride¯ux at the intra-abdominal level depends on the balance between insulin and corticosteroids, which have liposynthetic activity, and between sexual and growth hormones, which have lipolytic activity. Both hormonal and body composition change with ageing, primarily due to a decrease in lipolytic activity, with consequent prevalance of liposynthesis and visceral fat accumulation. Enlargement of intra-abdominal adipose cells is more gradual in men and more abrupt in women after menopause.
Introduction
After the discovery of leptin, many papers were written about this novel adipocyte hormone. It has been clearly shown that circulating leptin concentrations are not simple markers of body fat stores. Plasma leptin is in¯uenced by several factors: energy restriction, substrate metabolism, insulin levels and insulin resistance, sexual hormones and genetics. 1 The ®rst part of this report discusses recent ®ndings on leptin in relation to body fat.
Hormonal regulation of fat distribution is an interesting area of discussion. Insulin and cortisol are liposynthetic hormones that act synergically to stimulate lipoprotein lipase activity. Their actions, including those relative to pituitary ± adrenal axis activity, have been given great importance in this symposium. Androgens and growth hormone (GH) are lipolytic hormones that synergically stimulate lipolysis at various levels, including indirect stimulation by counteracting liposynthetic hormones. 2 The second part of this report discusses recent ®ndings on lipolytic hormones in relation to body fat.
Leptin

Body fat and sexual dimorphism
There is a general agreement about the strong relationship between leptin circulating levels and the percentage of body fat. 3 It has been demonstrated recently in 1434 subjects that the relation between the percentage of body fat (measured by bioele Âctrical impedance analysis, BIA) and leptin is exponential and that the elimination of individuals with body mass index (BMI) b 35 kgam 2 does not affect the exponential model of the relation. This ®nding is consistent with the onset of leptin resistance in individuals developing obesity. Plasma leptin concentrations, after adjusting for total fat mass, also exhibit signi®cant sexual dimorphism, with women having higher concentrations at every level of relative or absolute adiposity. 4 The last aspect was carefully studied in 375 subjects. Leptin concentration levels were corrected for fat mass (by BIA). Quartiles of fat mass were calculated and values were compared between men and women in each quartile of fat mass. Female sex appeared to have an effect on serum leptin concentration independent of adiposity. Leptin values in women were always twice those observed in men. 5 
Androgens
A possible role by androgens has been suggested to explain this gender difference in leptin levels. Twenty two hypogonadal men, whose baseline leptin levels were similar to those characteristic of women, were treated with testosterone for 126 days. Leptin levels reversed to normal. Ninety days after interruption of treatment, leptin levels returned to baseline levels. In a multiple regression analysis, androgenaestrogen ratio was the main predictor of baseline leptin concentrations. 6 Another study was performed on 26 men and 20 pre-and 21 post-menopausal women. Post-menopausal women showed leptin values, adjusted for body fat (assayed by hydrode Ânsitometry), intermediate between those of pre-menopausal women and those of men. 7 These results also support the importance of androgens in the regulation of leptin levels. Men, in fact, have higher testosterone levels than pre-menopausal women, who have higher testosterone levels than post-menopausal women. 8 
Insulin resistance
There is evidence that insulin resistance may contribute to the wide variation in leptin levels. In 65 pregnant women leptin levels were signi®cantly higher than they were 3 and 6 months after delivery. The 61% drop in leptin concentrations could not be explained by fat mass loss (by a four component model), which was only 6% of pregnancy values. The authors suggested the possible role of estrogens, progesterone, human placental lactogen and, in particular, of insulin resistance. Insulin resistance, in fact, characteristically increases at the end of pregnancy and normalizes after delivery. 9 Other papers support the relationship between insulin resistance and leptin. In an elegant study 10 insulin sensitive, eight insulin resistant normal weight men and seven obese men were selected. The two groups of normal weight men had the same percentage of body fat (by hydrodensitometry), and insulin resistant normal weight men had the same insulin sensitivity as obese men. Leptin levels of lean insulin resistant subjects were intermediate between lean insulin sensitive and obese men, demonstrating that insulin resistance is associated with elevated plasma leptin levels independent of body fat mass. 10 Hyperinsulinemic euglycemic clamp was performed on 56 subjects with BMI`27.3 kgam 2 and on 31 subjects with BMI ! 27.3 kgam 2 . Leptin values were lower in leaner subjects with higher glucose disposal and higher in heavier subjects with lower glucose disposal. Leptin levels were also signi®cantly related to insulin sensitivity in both less obese and more obese subjects. Subjects with insulin resistance, as a consequence, may be relatively resistant to the effects of leptin. 11 Further validation of this hypothesis comes from a large population study of 1310 women and 1227 men. Fasting insulin quartiles and BMI tertiles were calculated; leptin levels were adjusted for age and waista hip ratio. At each level of BMI, and in both men and women, there was a highly signi®cant increase in mean leptin concentrations with increasing levels of fasting insulin. 12 
Energy intake
Energy restriction can strongly in¯uence leptin levels, overcoming the effects of changes in body composition. Two recent papers support this hypothesis. The ®rst was performed on 20 subjects with impaired or diabetic glucose tolerance who underwent 7 day energy restriction. Weight loss was about 3 kg, estimated to correspond to 2.7% loss of body fat, as against a 21% fall in leptin levels. 13 The second study was performed on 121 healthy overweight post-menopausal women. Twenty one subjects were controls and the others underwent a weight reduction program: 51 subjects had a low energy diet, 49 had a low energy diet standardized physical exercise. Leptin levels fell by 60% after 3 months and increased by 30% during another 6 month follow-up. No difference was observed in the two dieting groups despite a greater loss of fat (measured by dual energy X-ray absorptiometry, DXA) in the exercise group.
14 Authors of both papers hypothesizing that leptin levels may re¯ect the dynamics of the adypocites. The shift from a state of triglyceride storage to a state of release could be a signal that regulates leptin production.
Leptin appears also to be sensitive to small changes in energy supplies as suggested by a study performed on 14 healthy normal-weight women. Both insulin and leptin levels were reduced to half after 4 day fasting. A glucose solution was infused at a rate (338AE 78 kcaladay) which was insuf®cient to reverse lipolysis. Leptin concentrations increased up to baseline levels within 24 h of the glucose infusion and then decreased in the following 48 h. The authors suggest a basic role of substrate metabolism in short-term regulation of leptin. 15 
Growth hormone
Adults with GH de®ciency have increased body fat. 16 As a consequence an interaction between GH and leptin could be expected. GH therapy in 14 adults with GH de®ciency showed a parallel decrease of leptin levels and of the percentage of body fat. The authors suggest that the in¯uence of GH on serum leptin is indirect, via its effect on body fat percentage. 17 
Body fat distribution and leptin levels
No effect of leptin on fat distribution was found when gold standard methods for adipose tissue distribution measurement were used. Intra-abdominal adipose tissue was measured by single slice computed tomography (CT) in seven visceral obese, eight subcutaneous obese and 10 normal weight women. No differences were found in leptin levels between subjects with visceral and subcutaneous obesity. 18 These results were con®rmed in another study in 34 women.
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Intra-abdominal adipose tissue was measured by three slice CT technique and body fat by DXA. No signi®cant correlation was observed between visceral fat volumes and leptin concentrations when body fat was taken in account. 19 
Lipolytic hormones and visceral fat
Growth hormone
Since GH secretion is reduced in obesity, 20 its lipolytic activity is a very interesting argument. Two papers have described the catabolic effects of GH on body fat. The ®rst discussed a study performed on 12 GH de®cient adults (seven men and ®ve women) compared with 12 healthy controls matched for age, height, body weight and BMI. Both men and women with GH de®ciency showed higher body fat (by BIA) than controls. Abdominal adipose tissue distribution was measured by three slice magnetic resonance imaging technique. GH de®cient subjects showed higher values of both visceral and subcutaneous adipose tissue volume than controls. 16 The second paper studied the effects of 12 month GH treatment of GH de®ciency in a double-blind, parallel design: 14 patients received GH and 15 received placebo. Body fat (by DXA) and both visceral and subcutaneous abdominal adipose tissue (by single slice computed tomography) signi®cantly decreased in the intervention group. No modi®cations in total body fat and abdominal adipose tissue were observed in the placebo group. 21 These results strongly support the lipolytic activity of GH, but do not give any evidence of a speci®c activity towards intra-abdominal adipose tissue.
The hypothesis of selective lipolytic activity by GH in visceral adipose tissue is supported by a recent study we performed on a group of 15 obese premenopausal women. We found two good relationships, the ®rst between insulin-like growth factor binding protein-3 and intra-abdominal adipose tissue area (assayed by single slice CT) and the second between insulin-like growth factor-1 and the ratio of intra-abdominal to subcutaneous abdominal adipose tissue. These relationships were found to be independent after adjusting for age, insulin levels and total body fat in a multiple regression analysis. 22 
Androgens
Testosterone in men has been demonstrated to be a lipolytic hormone with a selective activity at the intraabdominal level. A signi®cant inverse relationship has been found between free testosterone and visceral adipose tissue measured by single-slice CT. 23 Testosterone administration in middle-aged men with visceral obesity signi®cantly reduced intra-abdominal adipose tissue. 24 In women the problem is still debate. In fact the receptor for testosterone appears to be identical in men and women. What makes the difference is the lower androgen levels in women together with the presence of estrogens and gestagens. In 28 pre-menopausal women we observed a signi®cant negative correlation between dehydroepiandrosterone and both visceral and subcutaneous adipose tissue. In a multiple regression visceral and subcutaneous adipose tissues maintained their signi®cant relationship with dehydroepiandrosterone concentrations adjusted for age. Results suggest a non selective lipolytic activity by this hormone. 25 In 36 pre-menopausal women we found an inverse relationship between visceral adipose tissue measured by single slice CT and total testosterone. The relationship was found to be independent of age and BMI. 26 In a subsequent study we examined 26 pre-and 15 post-menopausal women with identical BMI. Post-menopausal women had signi®cantly higher visceral and lower subcutaneous adipose tissue. Both total and free testosterone values were twice as high in pre-than in post-menopausal women. Age showed negative correlations with androstenedione, total and free testosterone. Visceral adipose tissue showed a negative correlation with total testosterone. In a multiple regression, age was the only signi®cant predictor of androgen concentrations. 8 This phenomenon, as Bjo Èrntorp suggests, 2 must be considered in a dynamic way. Ageing, together with decrease in lipolytic hormone, leads to a prevalence of liposynthetic activity at the visceral level both in men and in women. In women the phenomenon has an abrupt onset (Figure 1) after the menopause. Figure 1 Balance between visceral fat accumulation and mobilization hormones in men and women relative to ageing in men and to both ageing and menopause in women. Modi®ed from Bjo È rntorp. 2 Hormones and body composition F Armellini et al
